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Summary We have studied the incidence of microsatellite instability at three trinucleotide repeats and seven
dinucleotide repeats from five chromosomal regions, in a group of 30 mammographically detected 'early'
invasive breast cancers and correlated its occurrence with clinicopathological parameters. The myotonic
dystrophy (DM-1) trinucleotide repeat was analysed in 48 additional cases. In 4 out of 78 (5%) paired
tumour-normal DNA samples we found evidence of somatic microsatellite instability at DM-1: a novel allele
of a different size was seen in the tumour DNA which was not present in the normal DNA sample. All four
tumours that showed evidence of instability were from the core group of 30 cases (13%) and were well or
moderately differentiated, oestrogen receptor-positive, infiltrating ductal carcinomas. Two of these tumours
were unstable at nine of ten loci studied, both trinucleotide and dinucleotide repeats. DNA prepared from
different normal tissues showed no evidence of instability, for all four instability cases. These data indicate that
microsatellite instability is specific to the tumour DNA and is an early event in the genesis of some sporadic
breast cancers.
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Breast cancer is a heterogenous disease, both clinically and
with regard to the genetic alterations involved in tumorigen-
esis. Hence, multiple somatic and inherited genetic changes
that lead to loss of growth control may contribute to the
development of breast cancer. Despite notable recent
advances, with the cloning of BRCAJ (Miki et al., 1994;
Futreal et al., 1994) and mapping of BRCA2 (Wooster et al.,
1994a), there is no clear understanding of the natural history
of the disease. This contrasts with colorectal carcinoma where
extensive studies have identified a benign to malignant
progression with recognisable molecular changes, frequently
point mutations that involve proto-oncogene and tumour-
suppressor gene loci (Fearon and Vogelstein, 1990).
Recently, a novel alteration based on DNA repeat
misalignment mutagenesis has been described (Aaltonen et
al., 1993; Thibodeau et al., 1993; Ionov et al., 1993). This
type of mutagenesis occurs in microsatellite DNA sequences
in which one- to six-nucleotide motifs are tandemly repeated
and are often highly polymorphic (Weber and May, 1989).
Mono-, di- and trinucleotide repeats are unstable in
hereditary non-polyposis colorectal cancer (HNPCC) as well
as sporadic colorectal cancer cells. Germline mutations in
four DNA mismatch repair genes, including hMSH2 on
chromosome 2p2l-22, have been implicated as the cause of
the hereditary non-polyposis syndrome and the associated
microsatellite instability (Fishel et al., 1993; Leach et al.,
1993). Microsatellite instability may reflect defective function
of DNA mismatch repair genes and be manifested when both
copies of a mismatch repair gene are inactivated (Parsons et
al., 1993).
If similar mismatch repair defects are involved in the
relatively early stages of breast cancer, then microsatellite
instability should be found in 'early' carcinomas and 'at risk'
lesions. In a preliminary study we have detected somatic
microsatellite instability at the myotonic dystrophy (DM-1)
associated-CTG repeat in 'early' mammographically detected
breast cancers (Shaw et al., 1995). We now report our
findings from analysis of ten polymorphic markers, three
trinucleotide repeats and seven dinucleotide repeats in a
group of 30 'early' sporadic breast cancers together with the
analysis of DM-1 in a total of 78 cases. The markers analysed
map to five chromosomal regions: 6p (SCA-1), 6q (ERTA
and D6S193), 16q (D16S289, D16S400, D16S402, D16S413),
19q (DM-1 and X75b) and Xq (AR). The oestrogen receptor
maps to 6q25 (Menasce et al., 1993) and D6S193 maps to
6q27 (Saito et al., 1992). The chromosome 16q markers span
over 50 cM (Weissenbach et al., 1992) and DM-1 and X75b
reside within 90 kb of each other (Jansen et al., 1992). We
have analysed the frequency and type of microsatellite
instability and correlated these data with clinicopathological
findings. Since the markers studied are highly polymorphic
concurrent assessment of allelic loss was also possible.
Materials and methods
Patients
A total of 78 invasive breast carcinomas which were
impalpable and detected by mammography were studied.
All were from the prevalent round of screening and were
detected by the Leicestershire Breast Screening Service. Cases
15 mm or less in maximum diameter were examined. All had
either axillary node sampling or axillary dissection. None of
the tumours were from women with a strong family history
of breast cancer.
Tissues
All tissues were fixed in 4% formaldehyde in saline for 18-
36 h. After slicing, selected blocks were processed through
graded alcohols and xylene to paraffin wax. Following review
of haematoxylin and eosin stained sections representative
blocks were chosen for further study. Additional normal
tissue from hysterectomy specimens were retrieved from the
pathology files of the Leicester Royal Infirmary. These were
sampled and processed at different time periods to the
original tumour material.
Histology
The carcinomas were reported according to the Royal
College of Pathologists working party guidelines (1990).
Infiltrating ductal carcinomas were graded using the modified
Bloom and Richardson system (Elston and Ellis, 1991). All
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histology was undertaken by RAW. The clinicopathological
features are shown in Table I.
Oestrogen receptor
Oestrogen receptor was determined immunohistochemically
using antigen retrieval and iD5 monoclonal antibody (Dako)
(Rajakariar and Walker, 1995).
DNA extraction
Formalin-fixed, paraffin-embedded tissue from breast tumour
samples and non-involved lymph nodes served as the sources
of tumour and normal DNA respectively. For each sample,
DNA was extracted from 7 ,um paraffin-embedded tissue
sections or material prepared by microdissection. Briefly,
Table I Clinicopathological features of 78 'early' sporadic breast
cancers
Number of Tumour Number of
Type Grade cases size (mm) cases
Tub 13 <10 15
Lob/Tub 2 10 17
Idc/Ilc 3 11 4
Ilc 3 12 8
Idc I 22 (2) 13 6
Idc II 31 (1) 14 3
Idc III 4 15 25
Total 78 78
Tub, tubular carcinoma; Lob/Tub, lobular and tubular carcinoma;
Idc/Ilc, infiltrating ductal with infiltrating lobular carcinoma; Ilc,
infiltrating lobular carcinoma; Idc, infiltrating ductal carcinoma;
numbers in brackets, node-positive cases.
a b c
sections were dewaxed and rehydrated by sequential addition,
mixing and removal of 2 x 1 ml xylene, 2 x 1 ml 99% ethanol
and 2 x 1 ml 95% ethanol. Air-dried pellets were resuspended
in 250 jl proteinase K solution (1 mg ml-' in 50 mM Tris
HCl, pH 8.0, 1% sodium dodecyl sulphate), and incubated
overnight at 37°C. Samples were then extracted twice with
phenol-chloroform, precipitated with ethanol and resus-
pended in distilled water.
PCR analysis
Microsatellite repeats were analysed by polymerase chain
reaction (PCR). Primer pairs and amplification conditions
were as described in previous reports. Trinucleotide repeats
comprised: DM-1 (Brook et al., 1992), SCA-1 (Orr et al.,
1993) and AR (La Spada et al., 1991). Dinucleotide repeats
were: X75b (Jansen et al., 1992), a (TA)n repeat in the
upstream region of the human oestrogen receptor gene
(ERTA) (Del Senno et al., 1992), D6S193 (Saito et al.,
1992), D16S289 (Shen et al., 1992), D16S400, D16S402 and
D16S413 (Weissenbach et al., 1992). The PCR products were
labelled by the addition of 3 ,uCi of [a-35S]dATP to the
reaction. The labelled PCR products were electrophoresed
through denaturing 6% polyacrylamide gels at 70 W for 1-
3 h depending on the fragment size. Gels were dried and
exposed to radiographic film for 1-4 days. Comparison of
the migration of alleles from paired normal and tumour
DNA samples that showed the appearance of alleles of
altered length in tumour DNA served to indicate micro-
satellite instability. Where instability was detected, the
analyses were repeated using freshly prepared DNA using
adjacent sections prepared from the paraffin blocks. Allele
sizes were estimated by comparison with a M13mp 18 DNA
sequence ladder.
d e
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Figure 1 Microsatellite instability in early breast cancer. Genomic DNA samples from paired normal lymph node (N) and
microdissected tumour (T) samples were compared by PCR amplification, electrophoresis on 6% sequencing gels and
autoradiography. (a) Expansion at DM-1 in microdissected tumour from case 2 with analysis of six normal tissues: lymph node
(N), normal breast (B), endometrium (E), cervix (C), myoendometrium (M) and ovary (0). (b) Contraction at X75b in case 1. (c)
Contraction at AR in case 2. (d) Contraction at DM-1 in case 4. (e) Contraction at SCA-1 in case 1. Case numbers refer to Table IT.
Arrows indicate altered length alleles in tumour compared with normal tissue DNA indicating somatic microsatellite instability.Microsatellite instability in breast cancer
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Discussion
Ten polymorphic microsatellite markers, three trinucleotide
repeats and seven dinucleotide repeats, from five chromoso-
mal regions were amplified from 30 tumour-normal DNA
pairs using the PCR. The DM-1 (CTG) repeat was analysed
through 48 additional tumour-normal DNA pairs.
The appearance of alleles of altered length in tumour
DNA indicated an alteration in microsatellite size (Figure 1
and Table II). Microsatellite instability was maximally
detected at the DM-1 trinucleotide repeat in four of 78
(5%) tumours. Two of these four tumours showed instability
at nine loci, both trinucleotide and dinucleotide repeats.
These data were replicated firstly with freshly prepared DNA
samples from adjacent sections from the paraffin blocks and
secondly with DNA samples prepared by microdissection of
small areas of tumour within a section.
In order to verify whether these DNA changes are
restricted to the tumour DNA, we next analysed DNA
prepared from other normal tissues for these instability cases.
DNA prepared from uninvolved breast, endometrium and
cervix showed no evidence of microsatellite instability for all
four cases. Figure la shows microsatellite instability at DM-1
in tumour 2. None of six normal tissues analysed (lymph
node, histologically normal breast, endometrium, cervix,
myoendometrium and ovary) showed any evidence of
microsatellite instability, suggesting that instability is indeed
specific to the tumour cell population.
For the DM-1 repeat, all of the novel alleles seen in
tumour DNA lie within the normal population range,
although the new allele sizes differed by up to 16 repeat
units from the alleles seen in normal DNA. These data have
been confirmed for two of the cases by cloning and
sequencing of the altered length alleles (data not shown).
The incidence of microsatellite instability in tumour DNA
was less frequent at the two other trinucleotide repeats
studied. Two of the four cases showing instability at DM-1
showed instability at the SCA-1 and AR repeats (e.g. Figure
lc and e). The size of the novel alleles seen in these tumours
lies within the normal population range ofpolymorphisms, as
for DM-1. The two tumours that showed instability at all
three trinucleotide repeats also showed instability at six ofthe
seven dinucleotide repeats. No instability was detected at the
D16S289 repeat in the core group of 30 tumours studied.
The clinicopathological features of the four cases showing
microsatellite instability are listed in Table II. All were node-
negative infiltrating ductal carcinomas, well or moderately
differentiated and oestrogen receptor (ER) positive (Raja-
kariar and Walker, 1995). However, when we analysed DM-1
through a total of 78 cases, none of 53 other infiltrating
ductal carcinomas, 13 tubular carcinomas, two tubular and
lobular carcinomas and three infiltrating lobular carcinomas
studied showed any evidence of DNA instability.
Table II Clinicopathological and microsatellite instability data for
early sporadic breast cancers
Tumour ER MSI detected at
Case Type Grade size (mm) H-score markers
1 Idc/Ilc II 15 215 DM-1, SCA-1, AR,
X75b, ERTA, D6S193,
D16S400, D16S402,
D16S413
2 Idc II 15 183 DM-1, SCA-1, AR,
X75b, ERTA, D6S193,
D16S400, D16S402
D16S413
3 Idc II 11 194 DM-1
4 Idc I 14 231 DM-1
Idc/Ilc, infiltrating ductal with infiltrating lobular carcinoma; Idc,
infiltrating ductal carcinoma; ER, oestrogen receptor; MSI, micro-
satellite instability. All cases node negative.
Expansion of specific trinucleotide repeats was first noted in
several heritable neuromuscular diseases including fragile X
syndrome, myotonic dystrophy and Huntington's disease
(Miwa, 1994). All these repeats are polymorphic in normal
populations as a result of variation in the number of
trinucleotide repeat units. Although instability of these
repeats is a feature of expanded disease-specific alleles,
'smearing' of the signal from a single allele of trinucleotide
repeat genes has not been reported in normal individuals,
indicating that somatic microsatellite instability is uncommon
in the normal population.
We have detected somatic microsatellite instability at the
DM-1 (CTG)n repeat in four of 78 (5%) 'early' sporadic
breast cancers. Two tumours showed instability at multiple
loci: the DM-1, SCAI and AR trinucleotide repeats and six
of seven dinucleotide repeats. It seems unlikely that the
instability seen in breast tumours represents a random
background instability for this reason. Analysis of DNA
samples prepared from different normal tissues (uninvolved
breast, cervix and uterus) showed no evidence of micro-
satellite instability for the four instability cases. These data
provide firm evidence that the instability seen was specific to
the breast tumour DNA. Parsons et al. (1995) reported
recently that rare cells in a normal tissue population from
HNPCC patients may harbour microsatellite alterations. Our
data from analysis of different normal tissues do not conflict
with this finding. The analysis of total DNA prepared from a
7 ,um normal tissue section would not be sufficiently sensitive
to detect a rare variant normal cell and microsatellite
instability in these breast cancers may have arisen by a
different mechanism to that seen in HNPCC.
Our data show a lower level of microsatellite instability
(5%) than other published reports. This may reflect
differences between the groups of tumours studied, with our
study being restricted to 'early' mammographically detected
cases, and variable frequencies of instability for the different
markers studied. Our data are most similar to the findings of
Wooster et al. (1994b) who noted instability at trinucleotide
repeats in 10% of 100 breast cancers, with only rare
instability at dinucleotide repeats. However, in their study
larger DM-1 alleles were preferentially unstable, whereas in
our group the small five (CTG)n repeat allele was most
frequently altered. Other studies of breast cancer have noted
higher levels of instability, but fewer cases studied. Four of
20 (20%) sporadic breast cancers showed somatic micro-
satellite instability at several loci (Yee et al., 1994). Glebov et
al. (1994) noted differences in instability between tumour
DNA from patients with a family history of breast cancer
(FHBC) and sporadic breast cancers. Fifteen of 18 FHBC
tumours showed instability at multiple loci whereas sporadic
breast cancers showed infrequent instability at specific loci.
Patel et al. (1994) examined 13 primary breast cancers and
noted high levels of both instability and loss of hetero-
zygosity for specific loci on chromosomes 2p, 8p and 10p.
Most colorectal tumours that display instability reveal
alleles of altered length at multiple loci that are frequently
dinucleotide repeats (Aaltonen et al., 1993; Ionov et al.,
1993). Two of the four breast tumours that displayed
microsatellite instability, revealed altered length alleles at
multiple loci and therefore appear to reflect the pattern of
instability seen in colorectal cancer. These tumours are
worthy of investigation for mutation in candidate DNA
repair loci. However, two other tumours displayed rare
instability, only detected for the DM-1 trinucleotide repeat,
and more closely reflect the pattern of instability observed by
Wooster et al. (1994b). Other markers need to be analysed in
these cases to confirm whether the instability is indeed
restricted to specific trinucleotide repeat loci.
The variation in frequency of instability seen for the ten
repeats studied imply that some loci may be more unstable
than others. For our trinucleotide repeat data, DM-1 appears
to be a more 'sensitive' locus than either AR or SCA-1 for
ResultsxscrosateNit kmUbihty in breast cancer
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studying microsatellite instability. This appears not to be a
function of repeat length. as the number of repeats at the AR
locus for example tends to be longer than at DM-1. Six of
seven dinucleotide repeats studied showed evidence of
instabilitv in one tumour and again the variation in
frequency appears not to be a function of repeat length.
These data suggest that some chromosomal regions are more
unstable than others. Both chromosome 6q (DeVilee et al..
1991) and 16q (Sato et al.. 1991) have been shown previously
to harbour areas of loss of heterozygosity in breast cancer.
Our data provide other evidence for genomic instability in
these chromosomal regions and for specific trinucleotide
repeats on 6p. 19q and Xq in breast cancer. Any structural
perturbation of these chromosomal regions may alter the
function of gene(s) harboured on the specific chromosomes.
The DNA instability observed in the four breast cancers
could be a manifestation of errors in DNA repair as has been
found for HNPCC (Fishel et al.. 1993; Leach et al.. 1993).
The relaxed genome stability, observed as microsatellite
instability, could be initiated by alteration of genes involved
in either DNA replication or repair and would be an early
event in carcinogenesis (Loeb. 1994). Such unstable cancer
cell genomes could promote a cascade of mutations some of
which enable the cancer cells to bypass the host regulatorv
process. Similarly the allele instability observed in our series
of 'earlv' breast cancers may be a sensitive indicator of
genomic hypermutation in these tumours. Although the DM-
1 and AR microsatellites are expressed. it is unlikelv that
these loci themselves contribute to the development of breast
cancer since all of the unstable alleles lie well within the
normal population range and their sizes are common in the
normal population. However. different length repeat alleles.
even within the normal range. mav have subtle influences on
cellular metabolism, which may manifest in breast cancer.
The clinicopatholozical features of the four breast tumours
that display instability were examined for possible correlation
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